Ectopic bone formation by human bone morphogenetic protein-2 gene transfer to skeletal muscle using transcutaneous electroporation.
Therapy using recombinant human bone morphogenetic protein-2 (rhBMP-2) is expected to promote bone healing and regeneration. Previous studies using protein or virus vectors for direct clinical application had problems, including a lack of efficiency, safety, and simplicity of the delivery system, and required an expensive protein, carrier matrix, or antigenic viral vector. In vivo gene transfer by electroporation is a simple and inexpensive method that only requires a plasmid and an electroporation device. Here, we created a plasmid-based human BMP-2 construct (pCAGGS-BMP-2) and examined the induction of bone in the skeletal muscle of rats after transferring different doses of this plasmid (25 microg, 100 microg, and 400 microg) by transcutaneous electroporation (8 electrical pulses of 100 V and 50 msec, in 1 to 5 sessions). First, we verified the gene transfer by transcutaneous electroporation using pCAGGS-lacZ. Next, the BMP-2 gene transfer and the production and localization of BMP-2 were identified by reverse transcription-polymerase chain reaction (RT-PCR), Western blots, and immunohistochemistry. Ectopic bone formation was verified by radiography, histologic and immunohistochemical analyses, and quantitative examination. Ectopic bone formation, consisting of active osteoblasts and osteoclasts, was observed in all rats treated with electroporation. Thus, transcutaneous electroporation with pCAGGS-BMP-2 induced ectopic bone formation in the skeletal muscle of rats. This supports the possibility of applying human BMP-2 gene transfer using transcutaneous electroporation clinically.